Abstract. Micro-capacitance can't be measured precisely with ordinary capacitance-meter because the meter's measuring range is always high. Even if some capacitance-meters have a low range grade, it is difficult to measure the capacitance value accurately due to the parasitic capacitance in the circuit and the meter. A method of micro-capacitance's measurement is put forward in this paper. This kind of method is based on principles of RLC series resonance and increment ingeniously. The lower capacitance, the higher quality factor is, so the more accurate resonant frequency can be measured, and the more accurate capacitance value can be received. Meanwhile, the value of parasitic capacitance can be eliminated smartly by means of increment. In this way, micro-capacitance can be measured accurately and easily.
Introductions
The quality of electronic components directly affects the stability of a device or weapon, so the reliability of components should be tested firstly. In many nuclear instruments' maintenance, there are a number of micro-capacitors whose values are usually unknown. Nuclear emergency instruments need to work in high radiation environment. Radiation-tolerant experiment is important and necessary. Micro-capacitances graded Pico-farad are widely applied in fast electronic nuclear signals processing circuits. These capacitors need to be measured because they are often damaged in high radiation environment. Additionally, this measurement is also needed in the maintenance of the instrument or components choosing after aging treatment. Because ordinary capacitance-meters' measuring range is always high, micro-capacitors can't be measured. Even if some capacitance-meters have a low measuring range grade, the capacitance measurement error is big due to the parasitic capacitance in the circuits, so micro-capacitance's measurement is a difficult technical problem. In this paper, a method of micro-capacitance's measurement based on RLC series resonance and increment is put forward. And this method has been verified by experiment instances.
Micro-capacitance's prime measurement methods
Capacitors are measured conventionally by means of charge and discharge [1] , direct measurement, resonance, oscillating [2, 3] , Circuit Bridge and substituting method [4] . In these methods, the result is usually the sum of the measured capacitance and parasitic capacitance. The parasitic capacitance is often ignored because it is often small and its accurate measurement is difficult. In micro-capacitor's measurement, the parasitic capacitance of the measurement circuit and the instrument is always the same scale as micro-capacitor, so the parasitic capacitance can't be ignored. Otherwise, it will result in a large error. If micro-capacitors are measured with high measurement range grade directly, it will produce large errors too.
Measurement principles
A RLC series circuit is constructed and shown in Fig.1 . For RLC series circuit, when the circuit is in resonance, the resonant frequency f0 is expressed as Eq.1 [5] .
At this time, the circuit current is the biggest, the resistor voltage is the maximum, and the sum voltage of capacitor and inductor is the minimum. The capacitance C can be calculated through Eq.2.
Through Eq.2, the capacitor C can be measured based on RLC series resonance. The resonant frequency f0 is measured, and the inductance parameter is known, so the capacitance value can be calculated.
The quality factor Q of RLC series circuit is expressed as Eq.3.
We can know from Eq.3, the lower capacitance, the higher circuit's quality factor is, and the more accurately the resonant frequency can be measured for RLC series resonance circuit. So we can measure C accurately through resonance frequency's accurate measurement.
For micro-capacitance's measurement, the parasitic capacitance can't be ignored. Otherwise, the result will be imprecise. If the parasitic capacitance of RLC series circuit is equivalent to a capacitor, the true general capacitance C' of RLC series circuit is the sum of the micro-capacitance C1 and equivalent parasitic capacitance C0. That is to say C'=C1+C0. This general capacitance can be calculated through resonance frequency via Eq.2. If we connect another micro-capacitor in parallel with the C1, the general capacitance will change to another value; and this new general capacitance can be calculated via Eq.2 too. The parallel-connected capacitance is the increment of the general capacitance. So this parallel-connected capacitor can be calculated through general capacitances' subtraction.
Experiments

Preliminary measurement
A RLC series circuit was built shown in Fig.2 . Figure 2 . Experiment circuit.
C1 is a micro-capacitor (about 10pF) whose precise capacitance is not needed. We can measure the resonant frequency of the circuit. Then we can calculate the general capacitance C1' of the circuit. At this time, this general capacitance C1' is the sum of C1 and the parasitic capacitance C0 shown in Fig.3 . In this experiment, C1 is 10pF, and the resonant frequency f0 is measured 180.0 kHz. According to Eq.2, the general capacitance C1' can be calculated 26.060pF. So the equivalent parasitic capacitance C0 is 16.06pF. Figure 3 . RLC series circuit considering parasitic capacitance.
Increment measurement
Another micro-capacitance C which is the one we want to measure accurately is parallel-connected with C1. See Fig.4 . From the former experiment results, if the micro-capacitance is not connected, the general capacitance C' is 26.060pF. But if C is connected, the general capacitance become to 35.835pF. So the micro-capacitance C is 9.775pF.
If we change C1 to 30pF, and use the same method to measure, the new values of C1' and C1'' are 45.449pF and 55.269pF respectively. Now the capacitor C is measured 9.820pF.
In the above experiments, parasitic capacitances don't change because the constructions of the circuits is not changed except for the capacitance C being parallel-connected. By means of increment, parasitic capacitance can be eliminated through general capacitances' subtraction.
Several attentions in the experiments
Precision can be improved if the following attentions are considered. 4.1 Capacitor C1 should be the same grade magnitude as the micro-capacitor that we want to measure. If capacitance value C1 is too large or too small, the error may increase.
4.2 Inductor L should be high precise. The inductor precision will affect measurement precision directly. The parasitic inductance in circuit can be ignored because it is much smaller than L. The accurate value of the inductor can be measured by means of RLC series resonant circuit with a precise midium capacitor too.
4.3 Quality factor Q of RLC series circuit is high when value of capacitor C is low. The capacitor may be broken down, because the voltage at the capacitor is high. Capacitor can be avoided to be broken down through decreasing source voltage.
Conclusions
The following conclusions can be drawn from the above experiments. Firstly, for RLC series resonance, the lower capacitance, the higher quality factor is, so the more accurate resonant frequency can be measured, and the more accurate capacitance can be received. Secondly, parasitic capacitance can be eliminated via increment measurement. Based on the former two principles ingeniously, micro-capacitance can be measured accurately and easily. In our various instruments repairing task, a large number of unknown micro-capacitors were measured by this method.
